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~he substance, d-glucuronic acid, is, physiological-
ly, one of the most interesting oxidation products of d-
glucose, and is an integral part of many substances .of 
biochemical interest, incL;.ding mucoproteins, chondropro-
teins, products of conjugation in the animal organism 
with substances such as borneol, benzoic acid, aspirin, 
camphor, menthol. vlucose normally is oxidized with com-
parative ease by the body to carbon dioxide and water. 
However, when toxic substances such as borneol and campho~ 
find their way into the system, the organism combines 
them with glucose to form glucosides, which are oxidized 
to glucuronides and excreted in the urine• Quick (1) fed 
borneol to dogs and precipitated the borneol glucuronide 
in the urine as the zinc salt, wnich upon acid hydrolysis 
yielded d-glucuronic acid and its lactone. Furthermore, 
d-glucuronic acid is closely related to the ketohexuronic 
acid, vitamin C, more recently termed cevitamic acid. 
R~ichstein and Grdssner (2) recently synthesized cevitamic 
acid using glucose as the starting point. It may well be 
that glucuronic acid or its derivatives can be used in 
preparing a ketohexuronic acid similar or identical with 
cevitamic acid. a more ela·oorate review of the position 
of d-glucuronic acid in biochemistry may be found in the 
thesis of Czagalszewski {3). His investigations, in con-
nection with the above considerations, promvted the review 
and studies described betow. 
~. 
Smolenski (4) (5), in 1911 and 1924, prepared the 
brucine salt of methyl d-glucuronide, but in neither of 
these vublications did he adequately describe the chemical 
and physical properties of this salt. The structural re-
lations between al.-d-glucose (I), ~-d-glucuronic acid(II), 
-.-d-glucuron, lactone (III), and cevitamic acid (IV) are 
shown bel ow. · 
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In this laboratory Ozagalszewski (3) refluxed d-
glucuronic acid and its lactone in methyl alcohol con-
taining 1 to 3% hydrogen chloride. He obtained sirups 
freed of solvent and hydrogen chloride which were thought 
to contain methyl d-glucuronide methyl ester l V). Por-
tions of the sirups were saponified with barium hydroxide 
to yield sirups which probably contained methyl d-glucur-
onide ~VI). However both systems failed to crystallize 
even after most rigid purification and attempts to induce 
crystallization. A portion of the saponified sirup, by 
reaction with brucine, probably formed brucine salts, 
both forms of methyl d-glucuronide (VII). 
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The brucine salts of the methyl d-glucuronides, 
first isolated by Gzagalszewski (~) in this laboratory, 
were prepared from two sources, namely 97.7% glucuronic 
acid, and a 60 : 40 mixture of glucuronic acid and the 
glucuron. Both of these crystalline compounds have now 
been recrystallized and found by the author to have the 
theoretical per cent OCH~. Both gave positive naphtho-
resorcin tests and reduced J:l'ehling' a solut~on only after 
acid hydrolysis. However, the specific rotations in suc-
cessive recrystallizations did not arrive at one single 
constant value. •:J:he above facts led us to believe that 
we were handling brucine salts of mixed alpha and beta 
methyl d-glucuronides. Removal of brucine from these 
mixed compounds yielded an uncrystalizable sirup of the 
methyl d-glucuronides, which after acid hydrolysis gave 
an equilibrium rotation close to that of d-glucuronio acid, 
In the course of a reinvestigation of Czagalszewski'~ 
studies of the reactions of d-glucuronic acid and its lac-
tone in absolute methyl alcohol containing 1% dry hydrogen 
4 . 
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- F i gure 1. Microphotog r aph of t h e methy l ester of anhydro 
g l u cu ro ni c acid . 
5. 
chloride at boiling temperature, a sirup free from solvent 
and hydrogen chloride was prepared end analyzed. Subse-
quently the remainder of this sirup deposited crystals of 
another new derivative of d-glucuronic acid. 'lhe crystal-
line material was purified by recrystallization from abso-
lute methyl alcohol and anhydrous ether to give a pure aub-
stance, snow white crystals of well formed prisms, l'·ig. 1. 
This substance melted at 137° and showed ("'-)no-2.; -57.6°, 
in 4% aqueous· solution. Strangely, this derivative reduced 
l''ehling' s solution, but did not mutarotate, and it was in-
capable of forming the hydrazone or osazone prior to hydrol-
ysis with acid. upon acid hydrolysis, the compound gave 
the approximate equilibrium rotat~on of the d-glucuronic 
acid from which it was made. The compound elicl ted a posi-
tive naphthoresorcin test for glucuronic acid, but did not 
cause development of color in fuchsin sulfite solution. 
·.~:he values o~ elementary analysis, oxymethyl determination, 
and molecular weight estimation, corresponded to the formula 
c7H10o6 containing one methoxy group. ~hese properties and 
analyses indicated that the new compound was a methyl ester 
. of d-glucuronic acid which had lost one molecule of water. 
·1·he structural formula of this anhydro glucuronic acid me-
thyl ester was first thought to be analogous to lt'ischer 1 s 
( 6) anhydro d-glucose, which reduced l''ehling' s solution, 
did not mutarotate, colored fuchsin sulfite, but formed the 
6. 
hydrazone and osazone. Subsequent properties, listed above, 
made it more probable that the substance was patterned sim-
ilar to that of o4. -glucosan of Gelis (7), .lJictet (8), Cra-
mer and Cox (9), which reduced Fehling's solution, did not 
mutarotate, did not ~ lor fuchsia sulfite or form the hydra-
zone or osazone. Although further experimental effort must 
be expended to assign beyond question the structural formu-
la to this new compound, the structure \XI) is tentatively 
accepted as most adequately expressing the properties which, 
have so fer been observed for the substance. 'l'he .following 
structures show the formulae (IX) and (XI) for such anhydro 
compounds, related on the one ha.nd to l<'ischer' s anhydro glu-
cose {VIII), and on the other to the u.. -glucosan (X) of 
Gelis, ~ictet, Cramer and Cox. 
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Because thorough search o.f the literature has yielded 
no description of authentic calcium salts of d-glucuronic 
acid, attempts were made to prepare here, by reaction o.f 
7. 
the acid with calcium hydroxide, the calcium salts or d-glu-
curonic acid from zinc borneol glucuronate, 97.7% glucuron-
·ic acid, and a mixture of glucuronic acid and glucu;qon. 
The alcohol insoluble and c.alcium containing fractions from 
the three systems were similar in properties, but not ana-
lytically pure. The optical activities of the three precip-
itates were quite s~nilar, while the iodine titration val-
ues for aldose determination were in all cases higher than 
those obtained from the Munson-Walker-Bertrand copper re-
duction procedure. The latter fact was attributed to the 
possibility of existing enol forms, which would consume 
more iodine per molecule of reducing sugar. 'l'his hypothe-
sis could not be substantiated by the wxperimental proceed-
ure of Wolf' rom and Lewis ( 1()). 1'he c alciurn contents were 
lower than theory, and indicated a failure of' the precipi-
tates to bind or hold c '.:l.lcium in theor·etical amount. 
In the course of these investigations, evidence was 
obtained that either d-glucuronic acid or its lactone, ob-
served over a period of six months in aqueous solution 
preserved with benzoic acid, changes in rotation to the 
value (,.. r;-1.~ I 19°. Had their observations been ex-
tended over a. period of several months, the hydrolyssis of 
the lactone to form the acid would have been demonstrated 
as shown herein. 
8. 
EXPERIMENTAL 
Methyl d-Glucuronides and their Brucine Salts 
Czagalszewski (3), in attempting to prepare crystal-
line methyl d-glucuronide and its methyl ester, prepared 
the following three sirups which failed to crystallize even 
after months. 
Fraction 2, 5.652 g.; from 97.7% glucuronic acid; un-
saponified; specific rotation I 25.15°. 
Fraction 6, 7.444 g.; from 60; 40 glucuronic acid 
and lactone mixture; unsaponified; specific rotation 
I 26.7o0 • 
Fraction 9, 3.704 g.; from 60; 40 glucuronic acid 
and lactone mixture; saponified; specific rotation I 33.75°. 
Fractions 2 and 6 were each saponified by titration 
with 0.4031 normal barium hydroxide to a 10 minute end 
point to phenolphthalein. Barium was quantitatively remov-
ed with 0.4 normal sulfuric acid. 'rhe solution was clari-
fied with carbon bei'ore and. after barium removal. 
Slightly over the calculated amount of brucine was ad-
ded -co each fraction. After heating on a steam bath several 
hours and storing at room temperature for 48 hours, the 
systems were concentrated in vacue to sirups, clarified with 
carbon, ~d again concentrated to sirups. Then the three 
systems were diluted with 200 cc. water, heated, and car-
bon clarified. Excess brucine and dark color were removed 
~~ 0 
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by repe~teci chloroform extraction. Next the three systems 
were reduced to thick dry sirups by successive vacuum con-
centrations with alcohol. These wer•e transfered to flasks 
with absolute ethyl alcohol, heated to boiling, and then 
immediately chilled to -5° to remove sirupy impurities. 
From these clear filGrates the brucine salts crystallized. 
The sirups, separated on chilling, were reworked to give 
additional amounts of crystalline brucine salts. Five 
crops, having a weight of 3.15 g., were combined with sim-
ilar crops obtained by Czagalszewski to make a total weight 
of 4.87 g. corresponding to brucine salts of methyl d-glu-
curonide from 97.7% glucuronic acid. The combined materi-
als were designated as system I. Three crops, weighing 
6.935 g., corresponded to brucine salts from a 60 : 40 mix-
ture of acid and lactone, and were designated as system II. 
Both systems were dissolved in the minimum quantity 
of boiling ethyl alcohol, clarified with carbon, and then 
the solutions permitted to crystallize in the ice box four 
days. .After filtration, washing with alcohol, and drying 
in vacuum 1 hour at 53°, there was had from system I, 
3.5238 g., which under the microscope appeared as hexagonal 
plates. The substance showed a specific rotation of I 10.37~ 
and melted at 136.5°. Likewise from system II there was ob-
tained 5.1028 g., which microscopically appeared to be of 
small, broken, clumped hexagons. 'l,his compound showed a 
'I 
10 • 
. specific rotation of f 3.47°, and melted at 136.5°. 
The salts were again recrystallized by the proceedure 
just described. 2.538 g. of system I, and 4.13 g. of system 
II were so treated, giving 1.2524 g. of system I, large hex-
agons; melting point 136 to 138°; specific rotation f 1.36° 
( 1). 
Table I 
Oxymethyl Estimations --- Method of Zeisel (12) 
Substance Agi % OCH3 
Vanillin 0.1992 g. 0.3153 g. cal. 20.40 found 20.91 
Vanillin 0.2394 g. 0.3652 g. cal. 20.40 found 20.16 
System I 0.3051 g. 0.3456 g. cal. 15.46 found 14.965 
System I 0.2473 g. 0.2820 g. cal. 15.46 found 15.07 
System II 0.3509 g. 0.4212 g. cal. 15.46. found 15.86 
System II 0.3452 g. 0.4035 g. cal. 15.46 found 15.44 
C81cu1ated for c30H37o1oN2 
The compounds gave a positive naphthoresorcin test for 
glucuronic acid by the procedure of Tollens, and reduced 
Fehling's solution only after acid hydrolysis. 
All brucine salts of systems 1 and II were recovered 
and combined to give 10.64 g. This material was dissolved in 
200 cc water. The solution was warmed to 40°, and titrated 
with 0.3089 nor.mal barium hydroxide, with phenolphthalein as 
{1). All rotation herein given were me·'sured in aqueous sol-
utions with sodium light and 2 dm. tube. 
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an indicator, for liberation of brucine. After adding 58.9 cc 
of the barium hydroxide (calculated 56.5 cc.), the precipita-
ted brucine was filtered off while the last traces were re-
moved by repeated chloroform extraction. 'I'he barium was next 
quantitatively removed from the aqueous solution with 0.309 
normal sulfuric acid. The solution gave only a faintly pos-
itive test with Fehling r s reagent. 'l'he system was reduced to 
a clear dry sirup by successive vacuum concentrations with 
methyl alcohol. l'he sirup dried in a calcium chloride dessic-
ater to 3.6913 g., which was approximately equal to the ex-
pected weight (3.682g.) of methyl d-glucuronide from the a-
mount of brucine salts used. Since this sirup after many 
manipulations failed to crystallize, its rotat1.on, before and 
during treatment with acid, was measured. 
The sirup (2.8956 g.) was diluted to 25 cc with water, 
and, after clarification with carbon, showed a specific rota-
tion of 72.29o. 
A portion of the above solution was used to make 50 cc 
of a 3.% solution of the material in 0.5 normal hydrochloric 
acid. :t:his solution· was observed to give the following ro-
tational changes after periods of heating. 
Table II 
Polariscopic changes of methyl d- glucuronide 
0 Hydrolysis at 74.5 to 75° c. Cont. Hydrolysis at 98 to 100 C. 
Time in hrs. corr. (~~ Time in hrs. corr. {ol.~O 
0 • f167747° f ~0 1 · f3. 25_49 0754. . 0 
• 
2. /4.21° I 1o.11° 2. I 2.9 o I 48.33'0 
4. f4.107° f. 68.45° 3. I 2.523° ~ 42.05~ 21. /3.91 0 I 62.17° 4. f 2.175° 36.25 
A portion of the above product of ac'id treatment will be 
used to ascertain if it can form a hydrazone. 
Thirty and a half grams of a mixture, containing approxi-
mately equal amounts of d-glucuronic acid and its lactone, 
were dissolved in 570 cc. absolute methyl alcohol containing, 
1% hydrogen chloride. After refluxing 3 hours and 45 minutes, 
the solution was allow:~~~to react five days at room tempera-
ture. The hydrogen chloride was then removed by silver car-
bonate, and the silver by brief treatment with hydrogen sul-
fide. ~he solution was clarified with car~ twice during the 
removal of the hydrogen chloride and silver. From the fil-
trate, which was at a volume of 660 cc ., a 13 cc. sample was 
evaporated and dried to the constant weight of 0.6385 g., 
showing (~)~0 - 25 I 26.076°; 10.56% reducing sugar; 3.48~ 
free acidity; and a saponification value of 124%, based on 
the expected volume of standard alkali. The remainder of the 
660 cc. was evaporated to a sirup, which deposited crystals 
after a period of two days in vacuum over calcium chloride. 
The sirup was then thinned with absolute alcohol and filtered. 
The crystals were washed with absolute alcohol and ether, yiel 
ing two additional crops, which made up the total combined ' 
weight to 9 g., 30% of the weight of acid and lactone used. 
Purification of the Compound 
The combined three crops were dissolved in 18 cc. absolute 
13. 
methyl alcohol, then clarified with carbon and filtered. four 
volumes of ether caused immediate crystallization. After chil-
ling in the ice chest for complete crystallization, there was 
obtained 7.8 g. of crystalline substance with a melting point 
of 137°. This fraction was observed to have (~)BO= -57.55° 
(1.0832 g. in 25 cc. of water). The rotation did not change 
in 21 hours. One drop of this solution reduced hot Fehling's 
solution intensively. 
The once recrystallized material {6.71 g.) was again re-
crystallized, employing the same procedure already described, 
to give 6.0192 g. of twice recrystallized substance, with a 
melting point of 137°. This fraction was observed to have\ 
(o')fi0 : -57.66°, (0. 9692 g. in 25 cc of' water. The r·otation 
did not change in 20.5 hours. The substance was then adjudged 
to be of sufficient purity to warrant the analyses given below. 
Table III 
Micro Combustions for Carbon and Hydrogen (1) 
Wt. sample Wt. C02 Wt. H2o Found Calculated I c . % H ~~ c {fH 
3.819 mg. 63!96 mg; 1.957 mg. I :•. 9 . 5.65 
4.202 mg. 6.878 mg. 2.036 mg. 44.1 5.34 44.21 5.305 
5.840 Mfi• 9.550 g. 2.855 mg. 44.6 5.39 44.21 5.305 
(1). These analytical values were kindly determined by Mr. 
B. J. Ehman, of the Department of Chemistry at the University 
of Chicago. 
14. 
p-nitro-analine gave the following results: 
Calculated 
Found 
% c 52.2 % c 52.1 % H 4.35 % H 4.38 
Table IV 
Oxymethyl ~stimations Method of Zeissel (12) 
Substance Agi %CH~ 
Vanillin 0.2899 g. 0.4390 g. cal. 20.40 f'ound 19.41 
It 0.2511 g. 0.3839 g. " " u 20.20 tt 0.2193 g. 0.3383 g. fl " .. 20.38 Anhydro 
Compound 0.2218 g. 0.2777 g. " 16.32 tl 16.54 tt 0.2266 g. 0.2800 g. "' .. .. 16.32 
Table V. 
Molecular Weight Estimation ------ Method of Menzie {13) 
Wt. Solute Lowering Barometric Volume Calc~ Found 
of v. P. pressure 
Methyl -d-
Solvent M.W. 
Glucoside 0.4722g. 15.25 mm. 742 31.00 cc. 194 197.5 
II 0.5963g. 18.00 mm. 743 29.90 cc. 194 219.4 
It 0.6249g. · 18.00 mm4 742 31.00 cc. 194 221.4 
"" o.5890g. 18.50 mm. 743 30.10 cc. 194 209.4 It 0.5739g. 17.50 mm. 742 28.20 cc. 194 215.3 
Anhydro 
Compound o.5262g. 16.16 mm. 748 31.20 cc. 190 208. 
It 0.5262g. 16.25 mm. 748 32.20 cc. 190 200.4 
Table VI 
Polariscopic Changes of Anhydro Glucuronic Acid Methzl Ester 
0.5454 g. of substance was dissolved and diluted to 25cc. 
with 0.02 nor.mal hydrochloric acid, made up in saturated ben-
zoic acid. 
TIME After Solution Temperature Corr. (~)~0 - 25 
5. min. room. -2.45 ° -56.15° 
1. hr. room. -2.45 ° -56.15° 
2. hr. 59° -2.45 ° -56.15° 
3. hr. 98 - 100° lo .36 ° 1 8.250 
• 
Table VI (cont.) 
4. hr. 98° 
- 100° f 0.93 ° ,L 21.31° 
20. hr. room f o. 97 ° ~ 22.23° 21. hr. 98° - 100° I 1.1 o 25.210 
24.5 hr. 98° - 1000 I 1.175o ~ 26. 930cl arified 72.5 hr. room f 1.28 ° 29.330 144.5 hr. roo:rp. f 1.30 ° f 29.790 
216.5 hr. room I 1.3o o I 29.79° 
336.5 hr. room I 1.355° I 31.o5° 
480.5 hr. room I 1.355° I 3l.o5° 
912.5 hr. room I 1.421° I 32.560 
In the light of separate s1:;.udies of changes of the 
specific rotation ot d-glucuronic acid and its lactone, it is 
believed that the solution now contained only these two sub-
stances. Portions of acid treated material are being kept to 
ascertain their ability to form hydrazone. 
Anhydro-glucuronic-acid-methyl-ester did not color fuch-
sin sulfite solution even after 36 hours. However, when a 2cc. 
sample of 0.05% formaldehyde was added to the solutions, a. 
deep scarlet color developed in 1 to 3 minutes. 'l'he new com-
pound elicited a strong positive naphthoresorcin test for glu-
curonic acid, although it was incapable of forming the phenyl-
hydrazone, phenyl-osazone, or para-brom-phenylhydrazone. 
The sirup from the mother liquor which yielded 9 g. of 
anhydro compound, representing about two thirds of the 30.5 g. 
of glucuronic acid and lactone originally used, was remethyl-
ated by the procedure described earlier in the paper. The 
acid freed sirup yielded ly8 g. of anhydro compound in two 
crops. These were combined with 2.4 g. recrystallized recov-
ized to ield 3.3 • of substance 
16. 
with a melting point of l37.5o. 
Calcium Salts of d-Glucuronic Acid 
The zinc borneol glucuronate used in these experiments, 
655 g., was prepared after feeding borneol to dogs by the di-
rections of Quick (1). 
This zinc complex was hydrolyzed by 845 cc. 7.5 normal 
sulfuric acid and 790 cc. water at boiling temperature. Atter 
clarification with carbon, the solution was refrigerated to in-
duce most complete crystallization. The solution crystallized 
from 361 cc. boiling water containing 25 cc 7.5 normal s~lfur­
ic acid. This yielded 110 g. of' relatively pure borneol d-
glucuronide. 
The above amount of borneol d-glucuronide was hydrolyzed 
by the directions of Miller and Swartz (14). It was dissolved 
in 1.5 liters 0.2 normal sulfuric acid. The solution was steam 
distilled for 6 hours and 45 minutes. lc'ree borneol was removed 
periodically from the condensing flask. 
The sulfuric acid in the above system was neutralized with 
the calculated amount of calcium carbonate. Then two thirds 
of the calcium carbonate necessary to react with the glucuronic 
acid in solution was added. Coupling with calcium was finish-
ed by titrating with calcium hydroxide, using phenolphthalein, · 
until a dialysate oi' the solution showed a ph of 5.6, estimat-
ed colorimetric ally. '.L'he solution was then heated, carbon 
clarified, and i'il tered through a carbon pad. Following the 
·17. 
last procedure:, the .filtrate was concentrated to 150 cc. 
and precipitated by pouring slowly into 1.5 liters of alco-
hol. To 1nduce further precipitation and drying, the solu-
tion was held in the re.fiigerator 24 hours. After the al-
loted time, the yellow precipitate was filtered, triturated 
with 100 co. absolute ethyl alcohol, filtered and dried in 
vacuo at 510 to 60.2 g. Chemical analysis of this crude pre-
cipitate will be found in table VII. 
The precipitate was purified by dissolving 59.2 g. of 
the material in 110 cc. warm water. The solution was cl ari-
fied with carbon, diluted to 200 cc. with water, and precipi-
tated in 10 volumes of alcohol. After the chilling period, 
the precipitate was filtered and dried in vacuo at 5lo. ~he 
dry substance was pulverized, 'treated with absolute ethyl al-
cohol, and filtered, then washed with ether, thus giving 
47.5 g. of substance that analyzed as shown in table VIII. 
In an effort to secure evidence by the general proce-
dure o.f wolfrom and Lewis (10) as to the existence of enols. 
in the substance, 0.4825 g. of the alcohol insoluble material 
was dissolved in 13 cc. water and 10 cc. 5 normal sulfuric 
acid, followed by dilution to 25 cc. The 2 normal sulfuric 
acid solution was filtered with carbon after 24 hours, neu-
tralized and analy~ed with the results given in tables VIII 
and IX. 
The uncrystallizable precipitate was further purified 
18.-
by dissolving 10 g. of the reprecipitated fraction in water 
and then following the procedure already described. ~he sol-
ution yielded, after absolute alcohol and ether treatment, 
9.2 g. of purified precipitate which was analyzed as tabulat-
ed in table IX. 
Attempts were also made to prepare the calcium salts 
from 4.25 g. of 97.7% glucuronic acid and 10 g. of a mixture 
of glucuronic acid and its lactone by titrating with calcium 
hydroxide in water. The two preparations were treated as 
the first one. However, only amorphous precipitates were 
produced. Analytical values are recorded in tables VII and 
1;, 
VIII. 
Table VII 
Calcium Salts Precipitated in Alcohol 
Lot I II III 
From 97.7% acid acid-1 act one borneol glucuronate 
Amt 5.2 c~>r-25 jl21.350 S· 10.1 ~· JZ22.2o 60.2 ~· fl9.75 
Iod ne 
Titration 78.83% 78,31% 79.63% 
Folin-
Wu 76.43! 62.12~ 
Table VIII 
Lot 
From 
knt. 
I I III 
97.7% acid-lactone borneol glucuronate 
3.07 g. 8.45 g. 47.5 g. 
~e-eno~ De-enol 
J.odine titration 
:Munson-Walker-
Bertrant 
Calcium % 
, 21.930 24.9 ° 7 21.59° f 22.380 
87.05% 82.01% 82.42% 81.51% 
74.13% 
8.51% 
70.40% 66.08% 
8.80% 
Lot 
From 
knt. 
( >BO 
Iodine 
Calcium Salts, 
Titration 
Munson-Walker-
Bertrand 
Calcium 
19. 
Table IX 
Additionally Reprecipitated 
III 
borneol glucuronate 
9.2 g. 
De-eno!!zed 
121.01° f24.19° 
81.75% 80.59% 
65.57% 66.49% 
8.86% 
The greater part or the above calcium salts was recon-
verted to glucuronic acid and its lactone by the action of 
sulfuric acid in aqueous solution. From this source and other 
specimens of acid and lactone previously prepared, there were 
isolated, by conventional use of 85% alcohol, two samples of 
recrystallized mixtures of acid and lactone. ·rhe .first, 
29.1 g. was 57.68% acid and 41.23% lactone by titration with 
standard alkali, and melted at 142o. The second mixture, 5.5g 
was 10.87% acid and 89.66% lactone, and melted at 156°. Four 
per-cent solutions of these two were made in saturated benzoic 
acid (0.25 to 0.3% aqueous solution of benzoic acid), and ob-
served over a period of 6 months for changes in rotation. 
The values are given in table X and show, for the first time, 
that the lactone as well as the acid changes in specific ro-
tation to a final constant value common to both. These ob-
servations aid in the explanation of the changes in specific 
, \.1~V·: · 20 
··l:," • 
rotation afterf.aoid h7drolysis of' the methyl d-glucuronides 
and the methyl ester of anhydro d-glucuronic acid. 
'l'able X 
0 Changes in Rotation At 20 - 25 of Mixtures of d-G1ucuronic 
Acid and its Lactone. 
First Mixture, Acid Second Mixture, Acid 
57 .68,t Lactone 41.23 10 .87i Lactone 89.66 
Time ~or- ~Bo-25 Time (ot.)fi0-25 
3 min. ~ 23.100 2 min. I 17.68° 5 min. 23.700 19 min. ~ 18.050 6 min. ~ 24.37° 4 days f. 18.240 15 mia. 26.290 1 month f. 21.80° 
2.5 hrs. f_ 27.290 2.3 months f 29.69° 
19 hrs. f. 27.73° 4 months f 31.07° 
4 days f. 27.73° 5 months f. 34.38° 
1 month f 30.42° 5.3 months f 34.66° 
2 .3 months f. 31.92° 6 months f 34.6~ 
4 months ! 33.32° 
5 months f 33.45° 
5.3 months f. 33.78° 
6 months f 34.58° 
SUDARY 
1. After heating d-glucuronic acid and its lactone in 
methyl alcohol containing 1- 3% hydrogen chloride,~and p 
methyl d-glucuronides were isolated as the mixed brucine 
salts. Removal of the brucine yielded a sirup most probably 
containing methyl- CJ.. -d-g1ucuronide and methyl- (d -d-glucuronide 
which was hydrolyzed with acid to give again d-glucuronic acid 
2. Another new reaction product of d-glucuronic acid 
with methyl alcohol in the presence of hydrogen chloride, 
was also isolated. This compound, a methyl ester of anhydro-
d-glucuronic acid, has been purified by recrystallization, 
and its constants recorded. It melted at 137°, and showed a 
' 
specific rotation of -570 in 4% aqueous solution. A tenta-
tive structure has been assigned this anhydro derivative. 
3. Attempts were made to synthesize pure calcium salts 
of d-glucuronic acid. The amorphous precipitates, insoluble 
in alcohol, were similar in properties, but not chemically 
pure, although they gave back a mixture of d-glucuronic acid 
and its lactone after removal of calcium. 
4. Evidence has been given that the lactone of d-glu-
curonic acid slowly undergoes hydrolysis in aqueous solution 
to form the acid. 
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